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begin end! !
Send<C.get,begin>
Send<end,C.set>
Sync
begin,end:unit
S
Cell<unit,void>
end:unit
begin:unit
<<interface>>
AbsSync a,b:unit
AbsSchedule
A.end
a b
A.begin
a,b:unit
A:Sync
Schedule
'¤w+o
 
! !(fu" $¤
N4
z[ oﬂK $o 
260
¹
º/ 
¹
¿
[
]A^

viNYvx$¤xw*v¤oMLG+ u"z"}P+w zo; }o?v z} oP+ﬁo;;zu
 
%
 iB 	ﬀkD 23ﬀoD=F@6>=%ﬀiG5)F,@E@ﬁﬀk@  L=oﬂmez}l$o 'So;"xvu" oSx¤o; o;} SxCNYvxu}u}o;uvx}o+o;zvNo;
  K$¤xw o
 
pbWkcl$o ﬂNYvu"u  L ﬂ; T vMN`Nxmtuz}L@ + z" z"l$o[v z} xvxz" Lvno;u}u}v¤o
  P|`v PSﬃNo@vx S}z|b kcl$o CNvu}u  N 0T nhT+oCNu{z}l$o uﬁ|$l x$w$uz}vx$u"n u"u" 
L%v xvMN w$o XLY}n vRx}zz vS"z   bTkcl$oB ﬃz}o;1LFv@o;u  0T vx$ L u"l$xmz}l$vxz
Ro vxz" udPRﬃN o?vx$u   zo;¤o;}uS}z}u   
	 ?v PRo o;¤1vx+o@vu¤o; o;} 
CNYvxu}u}o;u8b  n}ocuﬁ¤ `K$?vﬃzo y+vxn ,NoL[
]A^u"So@;`K$?vz}x^u+o;zvNo;W  K$¤w }o
 7 
L'z"l$o vx So;$T ybkcl uto y vnh,N ou.u"oCNLuQ @zvx $o;Pvx$Pu}oCN`LuQ-o yTNYvx*vz"|7b
X(false)
X(true)!
!
! Y
Y(V)X(V)! !
Send T:type X,Y:T
<<interface>>
Plus
<<interface>>
And
X,Y,Z:int
X,Y,Z:bool
V:T
X:bool,Y:unitGuard
'¤w+o
 
p !Çcz"l$o;5[
]$^ So;}xvuﬁ o@u
 /  )("("* (
 £

	 ﬁﬀﬂﬃﬀﬂ ﬂ!"ﬀ#$%'&()*,+-.&(/01+-(2$354-*7689ﬀ#$:;<&(94-
 
   
	 
 
kcl$o w$u}o[L[
]A^L zo;¤vzo@u#*vz}w vMNN |P vxXj 5^ PTﬁo@;zaQ-"o ﬃz}o@` o oCN  nho;z
 ﬃ@o;u}u Y²K$¤w }opr_Rbw z#vMN`Nxmtu.z+oCK $o^v N¤@vMN zo v z}  nhﬃ oCNPSo;z"mo@o;z"l$o
@n Rx$o;zu o;u} }PSo@[ [z"l$o.LYw+$;z"*v-N*vxl+ zo;;z"w otLRv uﬁ|ﬃu"zo nUSom. z"l[z}l$o.l$oﬂN 
L9v +oCN  n  *v}| j 5^  o@uﬁ¤ vx$oﬂNo no ﬃzvx}|[u"@o *vx}¥bl[
]A^  o;u} } +z}x$u@vx?PSo
v  o; zz"l$o+oCN  n  *v}|hj5^ +o@u" ¤ P|Pno@vx$uBMLu"z}o;o;z-|Ro;u
 
'  } o;z
o; "lPz}l$o#nhT oﬂN9m. z}l viPSo;l$v¢ w v-N oCm L%z}l$ou"|ﬃuﬁzo;nhb
z[z"l u uﬁzv¤o Ltz"l$o  o;oCNx no zEScMP+ﬁo@ z1Q-x}o zo@enho;z}l T MN¤ o@uu"w$l vu
^ ej 5^`w u"w*vMN`N |o;@n no $ z}l ooﬂK $o;nho;z[L{ o;CNvxvxz" o +Yvx¤vxn  oRQ
u};"  z" uYVvxl+ zo;;z"w oMS u"@o;$vx}_.w$uﬁ $¤[ n So;vz} ovxw z}n vzv[u"So@;`K$?vz}x$u|L=
 o@u";}`P   ¤`z"l$o PRo l*v? Lu"|ﬃu"z}o;n ;nhS$o zuZYVoMb ¤,bw u"  ¤ ]$^  p¢¡'ŁS*ﬃ  ﬃ

	
'T p"!&D  'u_ﬂb .NN$z"l$o@u"o#vx  }1vl$o;uc~So;)nho?vx$u)LR+ }o@;z1N | +o@u} }`P  $¤Wvx
ﬃ
l$o;z}o;¤o;$o;w$u
 
vxl  zo;;z}w+oZYF¥b oMbvx vu"|$l+$xw$u$o z"mcx¼p`Lu"|$l }$w u8S
 n Ro vxz" oMS+PTﬁo@;z}u#_Rb
@;+ $¤Wz}Wz}l$oBvMPSJoBo;u"So@ zu8S+w .v  vlLvT?v-NN |^+~So;}u'LYxn  o ﬃ)Q
w$u'm1pTu  p¢¡S p"!kS &¥bw zunz" xvxz}o@ Pﬃ| z}l o
LFv zcz}l$vxzuﬁzo;+  $¤LYn vW+o@CNvxvrQ
z} oc o;u} } +z}x L$u"@o;$vx}Tz#vxW n Ro vxz" o) o;u};"  z"WLPSo;l*v?w+u' uG+ ! ;w,N z
m. z}l w z)n vMp $¤ n  + nvMN l|Rz"l$o@uﬁuxz}l ov z}w*vMNS+ u"z}"P w+z}xL u"|ﬃu"z}o;n ;n Q
R o;zu v$ ev  zo } }o;zvxz}  MLt@n n^w   ?vxz" ueY=  z}l$ohu}@o *vx"²_v$ L
@$ w }}o;$ | YF z}l$o vx}l  z}o@ z}w }ox_ﬂb [.]A^ u"N o@u z}l  u po |u"u"w$o?P|  nh,N o;nho;z1Q
 $¤Lv +o@CNvxvz} o^ o;u};"  z" L)P+ﬁo@ zu# z}o;vx;z}    zo }nhuL)¤v lOLFvxn N  o@u
m. z}l w zn v-pﬃ $¤Pvx|vu}uﬁw n  z}  v-PRw+zz"l$o; Tu"z"}`P w z} bhkcl u vx+ 1vxlvMN)Q
Nxmtu{vx l$xn¤o;$o;w$ut o@u";"  z" LGz"l$oﬁLYw $;z"$vMN9vx}l  z}o@;z"w o LG+uﬁz}}`P w z}o@
P+ﬁo@ z1Q } o;zo;vx ,N @vxz} $u8b g vx   $¤ z"l uvx}l  z}o@;z"w o z vP*vx"z} ;w,NvxES9l$o;zaQ
o;¤o;$o;w$uCS$@,K ¤w vz}xP uo;¤1vx+o@ vu{v[u"o;*vvxz}o u}uﬁw$oL
ﬃ
 o ,N¢|nho;z  5b
¹
º/ 
¹
¿
[
]A^

viNYvx$¤xw*v¤oMLG+ u"z"}P+w zo; }o?v z} oP+ﬁo;;zu
 
¡
 

      
 

t# o; z}l$oh@,K ¤w vz}xvx$ + nho;$uﬁ uL.v zvx}¤o;zu"|ﬃuﬁzo;n YP|no@vx$uWMLtvx
j 5^  o ,N¢|nho;zL|[
]A^P+Yv¤xvxnhu#_RS z}l o LYw $;z"$vMNvx}l  z}o@ z}w }o ML)z"l$o[vx N `Q
?vxz"?vx?PSo $u"zvxz}vxzo;hz;L=}n vx vu}u"o;n PN | m.l lL+oCK $o;ucz}l oqPRo l*v?w L
z}l$otzvx}¤o;zuﬁ|ﬃu"zo n  [zo;"nuL v Tu"z"}`P w z}  LDo?vx;z} o{P+ﬁo;;zuCb)k% o?vlP+ﬁo;;z
@"o@uﬁRx$ u v LFvxnh`N |L¤v l$uim.l l ?v PSo o yTo@ w zo;{P| z}o;vxz} oCN | l Tu\Q
 $¤@n SuvMPNo vx$ ;$?vzo;$vMP,No ¤v l$u8Stvxuh oﬂK $o; u}o@ z} b kcl$o @vxw$u}vMN
oCNvxz} $u.PRo z"mco;o; z"l$o @xnhS$o ﬃz}u#Lz}l$o^zvx¤o;zu"|ﬃuﬁzo;n&?vx PSo^ zo } }o;zo; 
u}o;o;vMN'mcv?|ﬃu ! u"|$l+$xw$u^@xnhn^w+ @vxz}  Ym. z}l   vP@,K+$o@ zvx¤o;z P+ﬁo;;zR_RS
vu"|$l }$w u @xnhn^w+ @vxz}  YPSo;z"mo@o +uﬁz}}`P w z}o@zvx}¤o;zPP+ﬁo;;z}u#_ﬂS$vzve
@z}}N9 o Ro $ o; ;o;u8S$o@vMN`Q_z} no o;So;$+o;$ o@uCS*o;zMb
kcl o  zo } }o;zvz}xeL{+uﬁz}}`P w z}o@ PTﬁo@;z}u vu @n n^w +?vz}  ¤ vxw+znvxzv 
u"|n PSN   z"vx$uﬁ z" u"|ﬃu"z}o;nhu[vMNN rmtu z w u}oLo!  o;z^o;"K$@vxz}  zﬃN u8Suﬁw$l vu
B$]G  £'¥S$ P} o;tz} o;}`LY|Lz}l$o¤N P*vMN uvML=o z-|L So;"z} o@utLGz"l$ozvx}¤o;ztuﬁ|Tuﬁzo nu
YVob ¤,b)S+ o@vN T p LYo;o@ nhSo?vxl*vMP `N  z-| L9uﬁzvxz}o@u _ﬂb)kcl$oB ﬃz}o;" o zvxz"LML9@,K+$o@
P+ﬁo@ zu)vuuﬁ|ﬃ l  w$u ¤xvxnhuvMN`NxmtuGz}#@n  N oz"l$o;n
u}o;$vxvxz}oCN |W [x o z
¤o;$o vxz}oco  z}l o;uﬁ n^wNYvxz" }¤vnu'' zoCN`N  ¤o;z9 ¤vxn/uﬁz}w,P$u' n ,No no ﬃz" $¤
z}l$o)u}l$o;+w,N  $¤ML @xnhn^w+ @vxz} $u%vx$@$ w }}o;$ |WML*vx^MP+ﬁo@ zAm. z"lW zuo nz}o
o; x no zEb
xw u"z#vxu  ]$^LuﬁRo;;`K$?vxz" u o;u} }PSo
!
vx+,N  ?vxz"P@xnhS$o ﬃz}uBo y+l$vx$¤o
m. z}l[ zuo; } nho;zES[.]A^uﬁRo;;K ?vxz"$u o;u} }PSo
4
z}l$o;u}o{@n Rx$o;zu ﬃz}o;aQ
v;z|m. z}lP zEb  [.]A^huﬁRo;;K ?vxz" vMN`Nxmtuz[@xnh `NoB zu ﬃz}o;v;z"L*vz}zo } YF¥b oMb
@n n^w   ?vxz" vx$ @$ w }}o;$ |_)vumoCN`NDvu)vx ¼]A^uﬁRo;;K ?vxz"hvMN`NxmtuGz}l ovwQ
znvxzo; ¤o;$o vxz" L }¤vxn u"z"w,P$u.L=vvx N @vxz}  @xnhS$o ﬃz YF¥b oMb*@ﬃ o
L=nvxuﬁl*vMN  $¤ vx Po yTl*vx$¤ $¤[$vxzv m. z}l z"l$o#o; } nho;z{vx$ L=,N w$¤¤ $¤W z
m. z}lP;nhnh W @n n^w   ?vxz"o@u"w }@o@u _ﬂb
kcl$vx,pﬃu{z}  zu<L=x}n^w,Nvxz}  w$uﬁ $¤ v *vx"z}Yv-N`Q-x o cz}l o@}o;z} ?vMN9LYvxnhoCm¼p S+z"l$o
[
]A^ u"So@ K$@vxz}  L#v?vx$uﬁw,NodY_vu}o z Lvx ,N ?vz}x ;n R o;zuCSo;n PSo@+ o@
v@;+ $¤ z}v ¤ o; @,K ¤w vz}x _hvMN`Nxmtuhvx  z" n uy;o@ ;n  Nvxz} sPﬃ| oRQ
u}w }; $¤#z#@ﬃ ot¤o $o;vxz}  zo;l  uz1w$o;uo nhN¢|o;[  u"|$l }$w$u }¤vnhn  $¤
NYvx$¤xw*v¤o;u8Scuﬁw$l vu  #ﬁ9A^ 
 
ŁSlL=  n ,No no ﬃz" $¤o n PSo@  o; u"|ﬃuﬁzo;nhu8b g xo
 o;;u"oCN |7S9z}l$o ¤v l LFvxn N |

ML.v [
]A^Q-@vx$u"wNo ?vxdPRo[z}vx$u1Nvxzo; z v *
u}l$o;+w,N  $¤#u"So@ K$@vxz} ZY &|ﬃn PRN ck9vx$u" z}  &ﬃ|ﬃu"z}o;nhu8S 
 
S p
 
_$m.l+l  o@u";"PSo@u
PRz"l z}l$o@xﬃz"NRnﬃ oCNYVob ¤,b z"l$oxvMN w*vz}x$u#_cv$Pz"l$o#?vw$uvMN  z-|hnﬃ oCNYVob ¤,b+z"l$o
 /  
	 ( *
 !

	 ﬁﬀﬂﬃﬀﬂ ﬂ!"ﬀ#$%'&()*,+-.&(/01+-(2$354-*7689ﬀ#$:;<&(94-
vx}}rmtu _Lz"l$oBu"o;} @obÇT|h o zo;"nh    ¤z}l oBzvuapﬃuc  z"l u¤v l YF¥b oMbﬃz"l$o;z}MN
@,K ¤w vz}x$u.{u"zvxzo;u#_.vx$ P|Ll o vx}l uy  $¤^z"l$o;n Y=}b ob  o zo }n    $¤^z}l$oﬁN¤`Q
?vMN*oﬂNYvxz" u¾PRo z"mco;o;Lz}l o;n?_ﬂS1z}l$ot }¤vn n ,No no z}  ¤#o?vl?vx$uﬁw,No{L9v [
]$^
u"So@;`K$?vz}x @vx PRo vxw+znvxz} ?vMN`N |[¤o $o;vxzo;3b
¹
º/ 
¹
¿
[
]A^

viNYvx$¤xw*v¤oMLG+ u"z"}P+w zo; }o?v z} oP+ﬁo;;zu +p
 
  "  

J ol*v?o z"ﬃ+w$@o; z"l$o(L=}nvMN+oCK   z}  L$v. o;CNYvvxz" ouﬁRo;;K ?vxz"ﬁNYv$¤w*v¤o
L=B+o@u} }`P  $¤+uﬁz}}`P w z}o@ }o?v z} o^PTﬁo@;z}u8S$[.]A^,S vx   o;nh$uﬁz}vxzo; z}l*vz[
]$^
 ¢ o;uv[w  K o@ nho@T w n L=u"So@ LY|  ¤,S$o;"LY|  ¤ vx$ @n  `N   ¤ +uﬁz}}`P w z}o@
o?v-N`Q z" nhocv ,N  ?vxz" u8bw ;z}vu"zz}z"l$o.P+ﬁo;;zaQ-"o;z}o@ o yﬃzo $u" $uLD@o;Q
z}x*vMN9vxw+znvxzvrQ}P*vu"o@LzﬃN u<L={u"So@;`LY| $¤ +uﬁz}"P w z}o@Pu"|ﬃu"z}o;nhu  p¢¡S9p"!kS '¥S z"l$o
[
]A^eNvx$¤w*vx¤o n ,No no zu.v[u"nhTxz}l$o {+l*vu}oz}vx$uﬁ z}  PSo;z"mo@o; z}l$o u"So@ K$@v-Q
z}xML vtu"|ﬃu"z}o;n/vx   zu9@K$¤w vxz} b%kcl u%vMN`Nxm`zL=o?vxz"w o)v<PSo;z}z}o;% zo;¤vz}x
 z?j 5^b
[.]A^uﬁw  S}z}u'v. o;u} } +z}xML+PTﬁo@;z%;nhS$o zu  z}o;vx;z} 5m.l  l}o@u"So@ zu
PRz"l z}l o?LYw $;z"$vMNvl  zo@ z}w }oLL%j 5^`u"|ﬃu"z}o;n +o@u" ¤$u[vx  z}l$o +o@CNvxvz} o
u"z-|oNo ML%j 5^TYv¤vxn  o;u};"  z" u8bd[
]$^` nh,N o;nho;zuvhPSz}l u" n ,N ovx o yoQ
 o;u}u" o z}l$o;o z}@vMNLYvnoﬂmc1p?m.l  lvMN`Nxmtuz u"So@ LY|?PSz}lPz}l o@vxw$uv-N  z-|Lvx$
z}l$o ;z}MNGnhT oﬂNuL)P+ﬁo@ z# zo v z} $uB $ o;So;  o;z¼N | Lvx| lﬃ|Sz}l o@u" u#
z}l$ov;z"w*vMN%@x,K$¤w vxz}  Lz}l ouﬁ|Tuﬁzo nUb{kcl$o oCK + z}  L'[
]$^ ~Ro ut$oCm So;aQ
u"So@;z" o@u$L=xGvv$o yﬃ`P,Noo }`K$?vxz"L+u"|ﬃu"z}o;nhu8Sz"l$o¤o;$o vxz"L$+z} n uy;o@#;T oMS
vx v;;w vxzoBxvMN $vz}xhML9vx ,N @vxz} $uP| u"w+ Rx}z} $¤z"l$oBnvx   w,NYvz}x[LPRxz}l
?vxw$u}vMNGvx$ ;z}}NG+o;So;$ o $; o@uCb;[
]$^ v nhuvznvyﬃ n uy  $¤^z"l$o}oﬂQ w uvMP `N  z-| L
l ¤lQ}No oﬂN u"So@ K$@vxz} $uvx hvznh   n uy  $¤. }¤vxnhn   ¤vx$ xvMN $vxz"WoC~S}z}u
L=.z}l$o# nh,N o;nho;zvz}x L%o@vMN`Q_z} nhoSﬃP+ﬁo;;zaQ-"o;z}o@3S$+ u"z"}P+w zo;Puﬁ|ﬃu"zo nuCb
 /  )("("* (
  
	 ﬁﬀﬂﬃﬀﬂ ﬂ!"ﬀ#$%'&()*,+-.&(/01+-(2$354-*7689ﬀ#$:;<&(94-
 
*  
 

 p  rﬁb
N w ES$tib b MNuy;nvx  vx  V b%~'oﬂNo;3b vx$vMN |ky@o ﬁL= g o@u"uv¤o &To8z1w$o $@o
l*vx"zuCbw 
	4x4-  + qk4-0R!    +E4-0;! ﬀ?&'4- ﬂ!0ﬂ*  ﬂ!¥4-  +iq  
x ﬂ 4,+	
r ﬂ
!"ﬀ  
boW9o;;z"w o  z}o@u cn  w zo  &T; o;$;o{ b*p"!1kb`Sbﬃ1   £b & } $¤o;8S*p¢¡¡
 
b

 
& b J bn P,No Eb
	 ﬀ )<ﬀ¼+  48+kﬀﬂ 	Z)	*
kﬀe +ﬂﬀ
I4- +e! ﬀ !\ﬀ  k8*ﬀ# 
4,+ 4-/.Eﬀ  ﬂ!¼4-0R¥ﬀﬂ!\ﬀ¼+  48+kﬀﬂ 	
S9Y SH=I=
9
  P K 2O ﬁ =  R Pq_ﬂS w$¤xw$u"z p¢¡¡ %b
   qb' +sMS lbrTcxw,NYvx ¤o;8S7gdb Q bJ~'s vMN +}Sb Q-~$bJr.¤1vw,N z8SJvx$itib B $vMN)Q  vMzw o;zEb
cqP+ﬁo@ zuvx$hu"|$l }$w$u) ¤vxn n  $¤,bMw 
*k0 4 ﬀ¼Z,4-*k0R 94- q*k!"4 !\ﬀ¼+
	
x ﬂ!\ﬀ  
S+ b*+p7Y_I_RS+b   p&%   
 
b o }nho@u8Sp?¡¡ %b
   ﬀb9To;o  uﬁzoSR~$bWo tw$o;" vx$ ~$b w,P+}|7bcn Ru" z"$vMN  z-|   $vzvMv$xm
u"|$l+$xw$uANYv$¤w*v¤o@u !9uﬁRo;;K ?vxz"Wvx$@ﬃ oc¤o $o;vxz} bxw 
ﬀﬂ!"ﬀﬁﬀ 4-0ﬃﬂ-
 4 X4-X&'4
4x ﬂ!¥4-  ! 

b
J
b ~$b$+ortﬃo;o ES b*~w$oﬂN  ﬃ uCSp¢¡¡ %b
 ' 'bATco }z"vx$ev$sgdb w$¤o vxw 3bÇ[
]$^SvhNYvx ¤w*v¤o[z @z}}N)z}l$o PSo;l$v¢ 
LR@$ w }}o;z.PTﬁo@;z}u8bw 
&'4- +Eﬀﬂ0 ﬀﬂ  #ﬀ54- i4 !ﬀ  ﬂ )  #"	*,
kﬀ# 
S1b*p¢rQ
p
   
bj   ﬁ %$ÇSp¢¡¡ %b

 
ﬀbxTco ﬃo;  u"z}oS~/brWoÇt#w$o }  vx$ qbJvx8z1w$o;nhz8b&ﬃ|$l }$w$u9 }¤vnhn  $¤
m. z"l o;o zuv$ }oCNvxz} $u !Sz}l$o  #ﬁ9A^|NYvx ¤w*v¤ov$# zuu"o;nvxz} @u8bxw 
  ﬂ¥ﬀﬂ  #ﬀ
4,+ &'4
*k!\ﬀﬂ0
<0 4&01ﬂGi	
ST bp
 
S p?¡¡+p7b
 %' rﬁb$To wSfb t ,poCN}S qb {LYnvx S qb('%No  S$Tqb%~Gvxo@lS(Tqb'r.w nhSohvx$  b
kclw } o;Eb+k%xmcvx+u.vL="n vMN uy@vxz}  L z"l$ow+ K$o;nhT oﬂN  $¤5NYvx$¤xw*v¤oMbkw 
|0 4-
 #ﬀ#ﬀ¼+	- 4,+;! ﬀﬁ))! 

*0 4 ﬀ¼ &'4- +Eﬀﬂ0 ﬀﬂ  #ﬀ 4-+* /.Eﬀ  ﬂ!Ł¼4-0R¥ﬀﬂ!"ﬀ¼+50 4&0¼ﬂGi	
b
Wo@ z}w }o

zo;u.  cn  w zo 1&T; o;$;o bp
 
 
p7b&ﬃ+}  ¤o;8S p¢¡¡ %kb
 £ b Q qb $o;"*vx$ oCyS bt vxv?oCN¥S  b,'o ¼P vxzESWbg w   o;8S+rﬁb,g vxzo;o@u} wPvx$?gdb
&ﬃ ¤l   o?vxwbcn  w z}o; { o; o;"K$@vxz} bw 
&-%. 0 4-!"4  #4-Çﬃ- +I!¥4-
 +eﬃﬀﬂ0R )  ¼!¥4- !\4x4- ﬂ40/
SRp¢¡¡
 
b
 ¡ b¾t#vMPSrmtuap}S ﬃ|bGrtw$+N  l vx$~/b¾tvw,P nvxb$g o@u"uv¤o &To8z1w$o $@o l*v}zu"!
@xnhSu" z}  zo;l  zw o@u o;}u"w$u c;c
Q_zo@l+ uz1w$o;u8bw 
<0 4  #ﬀ#ﬀ¼+	- n4,+O! ﬀ21E! 
 ]$^
+E4-0R* 
S p¢¡¡b
¹
º/ 
¹
¿
[
]A^

viNYvx$¤xw*v¤oMLG+ u"z"}P+w zo; }o?v z} oP+ﬁo;;zu 
 p"!';V b vxoﬂNvx$ ﬃ|b9to }|bﬃGyTo@;w+zvMP,N o cqP+ﬁo@ z;g ﬃ oCN  $¤ m. z}l &ﬃzvxz}o@l*v}zuCb9w 
<0 4  #ﬀ#ﬀ¼+	- <4,+(! ﬀ R!\ﬀﬂ0R !¥4- &'4- +Eﬀﬂ0 ﬀﬂ  #ﬀ<4- 34,+R! Ç0 ﬀ

	9ﬀ#ﬀﬂ0R	
S?b
     
Q
 
 %kb    Sp?¡¡
 
b
 pp"ﬁw#b v;P$u"SOgnbl "uﬁzo;}u}3S~$bh$u"u} v$ tibeco;}¤1vvx}3b
* /.Eﬀ  ﬂ!
*<0R¥ﬀﬂ!\ﬀ¼+ 34,+R! Ç0 ﬀ

	9ﬀ#ﬀﬂ0R	  xﬀ &(- xﬀ 0RﬃﬀﬂelI0 48 
b

 S p¢¡¡
 
b
 p
 
 qb+v3STb QagdbTs8y;s8z1w$oﬂN vx  Wb  o; oCN`pvb
q 'I0 48  !\4 R!\ﬀ 01!"ﬀ¾4-01 
	
 +I!¥4-h  * * "¾ +Eﬀﬂ  
  ﬂﬀ 4,+.<0 4-!\4  #4- 
bw 
<0#4  #ﬀ#ﬀ¼+	- 4,+

  ¾] b
l*vx+n vx BvMN`N}Sg vxl p¢¡¡
 
b
 p¢';W(bW9vxn S}z8b	&ﬃSo@;`LY| $¤ @x$;w "o ﬃz ¤vxn nﬃ+w,N o@u8b9w 
 &

	,01 8 ﬂ
!¥4- h4- <0#4&01ﬂGi	 "	*,
kﬀ# ? + 	
r ﬂ!"ﬀ  
SG bY
 
_RSbcp¢¡ !-Q
 7  
b

 S
p¢¡£b
 p
 
&b$~ p 3S qb&+v$l$o8yMSDb Q qb)oﬂN nh,S b Qﬁb,t#`N v$ ﬃ|b rtT+"¤w o8ybw z}ﬃ+w$RQ
  ¤?L=}nvMN%$zvz}x$uB z"l$o  o oCN  nho;zLP+ﬁo;;z1Q¥P*vu"o@+uﬁz}}`P w z}o@`vx N `Q
?vz}x$u8bkw 
|0 4  #ﬀ#ﬀ¼+	- ;4,+

  ¾] S+b £ %
Dp"!
 
b l*v n v vMNN¥S,g vxl
p¢¡¡
 
b
 pJ&ﬀ b~" yMb w $ﬂN w$+ $¤ PSo;l*v?xw   ﬃz}  z}o;¼LFvx@o@uCb w 
<0 4  #ﬀ#ﬀ¼+	- 4,+


  A]  STb* %

 
¡b l*v n v BvMN`N}Sg vxl p¢¡¡
 
b
 p
 
ﬀ b9~w$oCN }S9o;zvMN¥b&ﬃ|n PSN   kvx$uﬁ z" &ﬃ|ﬃu"z}o;nhu8bw  
ﬀﬂ!"ﬀ ﬀ 4-0ﬃﬂx 4  4-
&'4
4x ﬂ!¥4-  ! 

b
J
b ~$b$ o rtTo o ES  b*~w$oﬂN  ﬃ u8b &To  zo n PSo; p¢¡¡ %kb
 p&%&b1rtw+n P*vxw$¤xlSIw#bv;P$u}x vx  tib7TTﬃlb
 )<ﬀ¼+

48+kﬀﬂ 	 "	*,
kﬀ
ﬀ*+R
ﬀﬂ0 ﬀﬂ  #ﬀ

*,
b  ' ﬁ b!-Q
 
!+pCQ- !¡¡£rQﬀ b  +u"Q
J
o;u1No |7Sp¢¡¡ %b
 p¢£';Tqb &ToCN S tib tw,NN oCpﬃu} vx  ~$b*k%b
J
vx9b

ﬀ¼ E	  ﬀ* /.Eﬀ  ﬂ! *<0R¥ﬀﬂ!\ﬀ¼+

48+
ﬀﬂ 	
b*l+
J
`No |ﬁ &ﬃ$u8S9p¢¡¡
 
b
 p¢¡'
qﬀ  #4G ﬀﬂ +I!¥4-X2$ )ﬂﬃﬂh?&|& o	|	  }ﬀ  ﬂ )  ¼!¥4-{ +n+kﬀ#  ﬂ0RÈ!¥4-{)	*
kﬀ

 ]$^! -bw ﬃz}o;"*vxz} *vMN%k9oCN o@;nhnWw  @vxz}  ft 3Sg vx}l p¢¡¡b
 /  )("("* (
   
	 ﬁﬀﬂﬃﬀﬂ ﬂ!"ﬀ#$%'&()*,+-.&(/01+-(2$354-*7689ﬀ#$:;<&(94-
s.set(working)
work
s.get(working)
s.set(sleeping)
s.get(sleeping) s.get(working)
!
sleep
!
Cell<S,sleeping>
!
type S = sleeping
| working
wakeup
Three possible behaviours are defined:
   - transition from sleeping state to working state,
   - transition from working state to sleeping state.
type C , S;
work
s
sleep
track of the (Customer,Salesperson)
relation. It is made of:
   - a collection of Cells of type S Opt,
      indexed by type C and initialized to
      none,
   - a collection of Cells of type Status,
      indexed by type S and initialized to
      free.
buy
wakeup
work
buy
!
!
Customer
sell
and Salesperson: It is made of an instance of class Cell.
work
sell
!
!
Human
type Status = free | busy; s : S
Class Human defines the generic behaviour of Customer
!
m[c].set(some s)
   - asserting activity by emitting  the port work,
cr[c].wakeup sp[s].wakeup
type ’a Opt = none | some of ’a;
n[s].get(free)
Class Switchboard is used to keep 
!
cr[c].buy sp[s].sell
m[c].get(some s) n[s].get(busy)
!
m[c].set(none) n[s].set(free)
cr[c].sleep sp[s].sleep
m[c].get(some s) n[s].get(busy)
Salesdepartment
Class Salesdepartment is made of and synchronizes classes Salespeople, Customers and Switchboard.
The behaviour of this class is the parallel composition for all customers (c in type C), of a choice among
salespeople (s in type S) of three possible behaviours:
   - Provided customer cr[c] is not connected and salesperson sp[s] is free, ports wakeup may occur both
      on cr[c] and on sp[s], in which case the relation (c,s) is recorded in the switchboard.
   - Provided cr[c] is connected to sp[s], port buy may happen on cr[c] if and only if port sell happens on sp[s].
   - Provided cr[c] is connected to sp[s], ports cr[c].sleep and sp[s].sleep may happen synchronously,
      in which case the relation (c,s) is discarded from the switchboard.
This class holds a high degree of parallelism since all customers and salespeople can be active during the same reaction.
Class Salesperson inherits class
Human. A new port is declared (sell)
and synchronized with port work.
Class Salespeople is made of a
collection of  Salesperson, indexed by
type S.
SalespeopleSalesperson
Customers
sp s : S
cr
c : C
c : C
X:Type,x0:X
n[s].set(busy)
get : X set : X
Cell
m[c].get(none)
Switchboard
<S Opt,none>
<Status,free>
c : C
c : C
m
n
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wakeup sleepwork
wakeup work
s.get(working)
sleep
s.set(sleeping)
s.get(working)s.get(sleeping)
! !
s.set(working)
!
type Status = free | busy;
type ’a Opt = none | some of ’a;
Cell<S,sleeping>
s
type C , S;
type S = sleeping
| working
Human
Class Human defines the generic behaviour of Customer
and Salesperson: It is made of an instance of class Cell.
Three possible behaviours are defined:
   - transition from sleeping state to working state,
   - asserting activity by emitting  the port work,
   - transition from working state to sleeping state.
buy
work
buy
!
!
Customer
sell
work
sell
!
!
Salesperson
X:Type,x0:X
get : X set : X
Cell
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get : X set : X
Cell
X:Type,x0:X
Switchboard
<S Opt,none>
c : C
m
n
sell
<Status,free>
work
sell
!
!
Salesperson
c : C
Salespeople
sp s : S
buy
work
buy
!
!
Customer Customers
cr
c : C
Class Switchboard is used to keep 
track of the (Customer,Salesperson)
relation. It is made of:
   - a collection of Cells of type S Opt,
      indexed by type C and initialized to
      none,
   - a collection of Cells of type Status,
      indexed by type S and initialized to
      free.
Class Salesperson inherits class
Human. A new port is declared (sell)
and synchronized with port work.
Class Salespeople is made of a
collection of  Salesperson, indexed by
type S.
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Class Salesdepartment is made of and synchronizes classes Salespeople, Customers and Switchboard.
The behaviour of this class is the parallel composition for all customers (c in type C), of a choice among
salespeople (s in type S) of three possible behaviours:
   - Provided customer cr[c] is not connected and salesperson sp[s] is free, ports wakeup may occur both
      on cr[c] and on sp[s], in which case the relation (c,s) is recorded in the switchboard.
   - Provided cr[c] is connected to sp[s], port buy may happen on cr[c] if and only if port sell happens on sp[s].
   - Provided cr[c] is connected to sp[s], ports cr[c].sleep and sp[s].sleep may happen synchronously,
      in which case the relation (c,s) is discarded from the switchboard.
All customers and salespeople can be active during the same reaction.
cr[c].wakeup sp[s].wakeup
m[c].get(none) n[s].get(free)
m[c].set(some s)
cr[c].buy sp[s].sell
m[c].get(some s) n[s].get(busy)
m[c].set(none) n[s].set(free)
cr[c].sleep sp[s].sleep
m[c].get(some s) n[s].get(busy)
Salesdepartment
n[s].set(busy)
s : S
!
!
c : C
!
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